With the rapid development of the digital libraries, Interoperability is the problem to realize the real information sharing and eliminate the digital information islands. In this paper, the character and requirement of digital library interoperability is discussed. As the limitations of the current technologies in the realization of the large-scale digital library interoperability on the Web, the architecture of the digital library interoperability is put forward based on the Grid technology, and the working process of the digital library Grid is presented. Using the Grid technologies, the high performance OAI federated search service is realized.
Introduction
With the quick development of the information technology, people's working, learning and life style have been greatly influenced by the Internet. At the same time, library information enterprise has come to a new phase-DL (digital library), after being through traditional library and automatic library phase. A DL can discover, manage and publish digital information in an effective way in order to provide a simple and convenient digital information querying platform for groups of individuals. Many countries have developed their own digital library one after the other, such as NSDL [1] , NCSTRL [2] , DLI2 [3] . As different libraries take different technology, platform, protocol and architecture according to its different objective and running manner, it is an impending problem in the field of the DL interoperations that how to integrate these libraries with different infrastructure and technology in order to exchange information and share documents between different DLs, finally to build a big virtual DL, to provide uniform and convenient services for global users.
Present solutions to the DL interoperability, such as distributed search technology [4] , metadata collection technology [5] , middleware technology, cannot solve the problem of large scale DL interoperability on the Internet in an appropriate way [6] . In order to have real DL interoperability, we need to solve the problem from the beginning of the DL architecture design and implementation. This article makes it by offering architecture of the DL interoperability based on Grid technology, which uses the character of resource sharing of the Grid technology to support OAI service.
The Outline of the DL Interoperability

The Character of the DL Interoperability
DL is a network based magnanimous database, which has massive and different types of information such as text, images, video, audio, automation, etc. The characters of a DL are as follows:
1. Heterogeneity. Platform heterogeneity, information source heterogeneity and metadata heterogeneity embody the heterogeneity of a DL. The electronic information resources in a DL are always heterogeneous in the form of resource storage format, service mode offering, access interface and data transport protocol.
2. The physical distribution of the digital resource. The resource of a DL is physically distributed in the network. It is a great challenge to provide service for the user over the tremendous digital resources of the DLs in the WEB.
3. Autonomy. Almost all the digital libraries distributed over the Internet are autonomous information systems. It means they manage and maintain their own resources and services, They also manage their access method and authorization independently.
4. Openness. You can enter or logout an interoperated DL at any time.
The requirement of the DL interoperability based on metadata harvesting
Many DL projects use distributed searching method. It unites many DLs to provide a single service interface for the users, and thus to implement the DL interoperability. However, this method is only suitable for a DL which has less nodes (e.g. number of nodes <20) because it uses real time searching method. When there are so many nodes (like more than 100), it becomes very difficult to perform a mass distributed searching over the Internet. The good thing is, metadata harvesting method can solve this problem very well. This method is based on OAI/PMH [7] infrastructure. It can offer a uniform querying service for the users by transforming all metadata from different DLs to one format and store them into the metadata depository. The OAI-PMH offers a technology to support the organizational evolution of digital cultural content creation and collective services to access cross-domain collections. It is an attempt to build a "low-barrier interoperability framework" for archives containing digital content. It allows Service Providers to harvest metadata from Data Providers. The Open Archives Initiative's Protocol for Metadata Harvesting (OAI-PMH) was created to facilitate discovery of distributed resources. The OAI-PMH achieves this by providing a simple, yet powerful framework for metadata harvesting. Harvesters can incrementally gather records contained in OAI-PMH repositories and use them to create services covering the content of several repositories. The OAI-PMH has been widely accepted, and until recently, it has mainly been applied to make Dublin Core metadata about scholarly objects contained in distributed repositories searchable through a single user interface.Figure gives the metadata interoperability architecture based on OAI-PMH. Primarily, there are two kinds of roles in OAI infrastructure: data provider and service provider. Data provider is to provide and distribute the metadata while service provider collects the metadata from multiple data providers and provides querying service to the end users. Service provider communicates with data provider via OAI-PMH protocol. OAI-PMH protocol, whose metadata uses XML format, is based on HTTP protocol to transport data, which makes it widely used in the Web environment and enables information exchange between distributed heterogeneous resources.
In order to effectively implement the metadata discovery, harvesting and indexing service, appropriate architecture to support these operations and high performance servers are required. At the present, all the metadata discovery,, harvesting and indexing jobs are centralized on one or several given servers, which makes the performance and the reliability extremely poor [8] . As the scale of the DLs interoperability enlarges continuously, it will get harder to expand the solution. In this paper, Grid technology is introduced to enhance the reliability and the scalability of the service and the performance of the metadata harvesting and indexing service.
The Grid technology
Grid computing is a solution for resource sharing and problem solving in the dynamic and heterogeneous virtual organization, which made the Internet into a tremendous super computer to realize the computing resources, storage resources, data resources, information resources, knowledge resources, equipment resources, etc [9] . The basic character of Grid computing is resource sharing . 
Open Grid service architecture
OGSA is the most widely used Grid architecture at present. The need for integration and interoperability has led to the design of the open Grid service architecture, which offers an extensible set of services that virtual organizations can aggregate in various ways [10] . OGSA defines the Grid service, which aligns Grid technologies with Web Services technologies to take advantage of important Web Services properties such as service description and discovery, automatic generation of client and service code from service description, compatibility with emerging higher level open standards and tools, and broad commercial support.
Fig.2. open grid service architecture
In OGSA, every resource is represented by a Grid service, which defines standard mechanisms for creating, naming, and discovering persistent and transient Grid service instances [11] . It provides location transparency and multiple protocol bindings for service instances and supports integration with underlying native platform facilities, which can solve the problem of interoperability among the heterogeneous grid facilities and provides the virtual service. Fig.2 describes the OGSA, the digital libraries interoperability can be realized by using the service of resource discovery, resource distribution, and resource accessory provided by OGSA.
The advantage of the Grid digital libraries
The Grid technology which supports the large scale resource sharing has the advantage in the respect of heterogeneous platform compatibility and system harvesting. The DL interoperability and the Grid computing have many similar characters, such as distribution, heterogeneity, autonomy. Therefore, the Grid technology can be used to solve the problem in the DL interoperability.
1. The heterogeneity of the resource. Two aspects of the resource heterogeneity are solved in the Grid technology, firstly, the heterogeneity of different resources, such as the computing resources, the storage resources; secondly, the heterogeneity of the structure of the same resources. The DLs interoperability can solve the resource heterogeneity using the Grid technology.
2. The sharing of the resources. The aim of the Grid computing is to realize the resource sharing, and eliminate the information Isolated island and the knowledge Isolated island [12] . Using the Grid technology, the DL interoperability can be enhanced, and the resource sharing can be realized. 3. The autonomy of the resource. The resources in the Grid belong to different organizations. The resource owners can manage and control their resources absolutely. The Grid systems cannot control these resources. The DLs interoperability also requires solving the autonomy and sharing of the resources.
4. The individuality of the service. The Grid provides the intellectual and individual services for the users. The DL also provides the individual services for the users, and realizes the information formulation and the initiative pushing of the information.
The architecture of Grid digital library
The architecture of digital library based on the Grid technology
To solve the interoperability of the digital library based on the metadata level and the service level, the architecture of DLs interoperability based on the Grid technology is proposed, Fig.3 gives the architecture.
The architecture of Grid digital library contains 3 layers. The base layer is the data layer, which is made up of the DLs distributed on the different regions, as the data provider of the DLs interoperability, the data layer provides the metadata that data format is decided by OAI-PMH protocol to form the Metadata Repository based on the OAI-PMH protocol; the top layer is the application layer of the virtual digital libraries, which provides the united service interface, and provides the data retrieval service and data query service; the middle layer between the data layer and the application layer is the Grid layer, which shields the distribution and the heterogeneity of the base layer, and provide the united service interface for the application layer by the way of metadata discovery, harvesting and indexing.
The principle of the digital library Grid
The digital library Grid realizes the shielding of the distribution and heterogeneity of DL and the metadata discovery, harvesting and indexing of the digital libraries distributed on the different places, and provides the generous information service for the users. There are three layers in the architecture of DL grid, the application layer, the grid layer and the data layer. The application layer is to provide the generally query interface to the readers, the readers start a query not knowing how and where to get the data. The data layer contains the heterogeneous DL, every DL in the data layer realize the function of the DP of the metadata. In the grid layer, the metadata is collected by the metadata harvesting point to the metadata generally harvesting point, which provides the unified metadata to the application layer. The working steps of the digital library Grid in the Fig.3 is as follows. 1. The metadata generally harvesting point initiates the harvesting duties, the DL Grid initiates the Gatekeeper procedure of providing working assignment.
2. The Gatekeeper procedure builds the duties according to the duty requiring, the task and resource distribution is carried on by the task management and scheduling point.
3. The task management and scheduling point carries on the metadata harvesting jobs.
4. The task management and scheduling point provides the condition information of the task for the metadata generally harvesting point.
5. The metadata generally harvesting point submits the request of duty canceling. 6. The DL distributed on different regions provides their own metadata for the metadata harvesting point.
7. In the procedure of the metadata harvesting, if there is breakdown on one harvesting point, the duty management and scheduling point will transmit its harvesting code to other points using Grid FTP to guarantee the advancement of the metadata harvesting.
8. After the metadata harvesting works, the metadata harvesting point sends the metadata to the metadata generally harvesting point, and the corresponding metadata is store on the metadata repository.
9. After the metadata generally harvesting works, the metadata is stored on the metadata repository, the generally query interface can be provided for the user, which send the request to the corresponding metadata repository, and collect the query results, and submit the results to the user.
Conclusions
The aim of the digital library interoperability is to unite the isolating DLs over the Internet, to provide the united and virtual information provider to the user, and to realize the information resource sharing of the global digital libraries. According to the requirement of the large scale digital library interoperability and the advantage of the Grid technology on the aspect of resource sharing, the architecture of the digital libraries interoperability is proposed, which unites the Grid technology and the OAI/PMH protocol, realizes the high performance metadata discovery, harvesting and indexing. As the Grid can make fully use of the idle resources over the Internet, the cost of the digital library interoperability can be greatly reduced. The digital library interoperability can also realize the metadata redundancy and enhance the reliability of the service using the idle resource over the Internet.
